

FIG. 19.7. Macrophages Rock! Macrophage engaging zymosan particles. 
Macrophages are adherent but motile. They use focal adhesions to anchor 
themselves to the extracellular matrix. Membrane ruffles and lamellipodia 
form at the leading edge of the celi to enable them to crawl around # and 
they extend pseudopodia to explore their environment and capture microbes 
and dead cells for phagocytosis. Consequently, their morphology is highly 
variatile and constantly changìng. © Helen Goodridge and David Underhill 
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Fig. 1 Gating strategy of the three monocyte subsets based on relative 
CD14 and CD16 expression. Flow cytometry dot plot showing the 
gating of the classical, intermediate and nonclassical monocyte subsets. 
Classical monocytes express high levels of CD 14 but no CD 16, 
intermediate monocytes express high levels of CD14 and low CD16, 
while non-classical monocytes express low CD14 but high CD16 
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Mouse and human monocyte 


subsets 




Subset 




Markers 


Chemokine receptors 


Functions 


Mouse 




LY6C hi 




CDllb + CDll5 + LY6C hi 


CCR2 hi CX 3 CRl low 


Pro-inflammatory 7 and antimicrobial 3 roles 


IY6C low 




CDllb + CDll5*LY6C l0W 


CX 3 CRl hì CCR2 l0W 


Patrolling 11 ; early responses 11 ; tissue repair 128 










Human 




Classical 




CD14 ++ CD16" 


CCR2 hi CX 3 CRl low 


Resemble LY6C hi monocytes based on 
gene-expression arrays 717140 


Intermediate 


CDl4~CDl6 + 


CX 3 CRl hi CCR2 low 


Pro-inflammatory roles 12 15 


Non-classical 


CD14 + CD16 ++ 


CX 3 CRl hì CCR2 low 


Patrolling 14 ; antiviral roles 14 



CCR2, CC-chemokine receptor 2; CX 3 CR1, CX } C-chemokine receptor 1. 




! Keratinocyte iLangerhans celi 



Eye Brain 



Elimination of 
dust, allergens and 
microorganisms 



Clearance of 
pathogens and 
toxins 



-Spleen 





i Blood vessel 



Splenic 
-Small macrophage 
intestine 



lo; 

Intestinal 
macrophage 



• Clearance of senescent red blood 
cells by red pulp macrophages 

• Clearance of blood-borne 
particulate antigens by marginai 
zone macrophages 
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Figure 1 1 Tissue macrophages perform important homeostatic functions. Mononuclear phagocytes are generated 
from committed haematopoietic stem cells located in the bone marrow. Macrophage precursors are released into the 
circulation as monocytes and quickly migrate into nearly ali tissues of the body, where they differentiate into mature 
macrophages. Various populations of mature tissue macrophages are strategically located throughout the body and 
perform important immune surveillance activities, including phagocytosis, antigen presentation and immune suppression. 



MACROPHAGE RECEPTORS AND IMMUNE RECOGNITION 
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Figure 1 Phenotypic heterogeneity of monocytes/M0 and DCs during differentiation 
in vivo. Circulating monocytes that give rise to resident- and intìammatory-type elicited 
M0 already display a distmct phenotype. as do MO and DCs in different tissue microen- 
vironments. Differentiation antigens and membrane receptors aie described subsequently in 
this review. Antigens listed in brackets correspond to human receptors; ali other antigens 
rotei to studies of murine cells. 



Table 1 Naturai history and main functions of macropha 



Characteristic 



Macrophages 



Difference in phenotype 



F4/80+ (mouse) or EMR1+ (human), 
CD107b + (Mac-3 + ), CD68+ 



Cellule di dimensioni notevoli ~30 microns (neutrof ili ~10 microns) 



Origin of precursor cells 
Site of maturation 

Mature cells in the circulation 

Mature cells recruited intotissues 
from circulation 

Mature cells normally reside in 
connective tissues 

Proliferative ability of mature cells 



Lifespan 



Bone marrow 

Almost ali tissues (a few in the bone 
marrow) 

No (or very few) 

No (immature monocytes migrate into 
tissues) 

Yes 

May vary by subpopulation (M2 mac- 
rophages can proliferate under certa in 
circumstances) 

Weeks to months 



Phenotypically distinct subpopulations Yes (Fig. 1 ) 
in different tissues 



Phagocytosis 



Yes 



Detect pathogens and danger signals 
and help to initiate inflammation 

Enhance inflammation 

Limit or suppress inflammation 

Promote tissue repair 

Antigen presentation 



Yes (including near surfaces exposed to 
the environment) 

Yes 

Yes 

Yes 

Yes 



The centrai role of macrophages in immunity and inflammation 



inflammation and fever 


IL-6, TNFa & IL-1 


pyrogen 


prostaglandins -i 


mediators 


complement factors 


- and 


clotting factors - 


secreted proteins 



selection of mechanism 
to be activated 

IL-10^Th2 
IL-12->Th1 



A 



lymphocyte activation 

antigen processing 
antigen presentation 
IL-1 production 




tissue reorganization 

secreted factors 
elastase, collagenase 
hyaluronidase 
fibroblast stimulating factors 
angiogenesis factors 



macrophage 



V 



tissue damage 

H 2 0 2 
acid hydrolases 
C3a, TNFa 



microbicidal activity 

oxygen dependent 

H 2 0 2/ *0 2 - NO 
A 1 g0 2 , -OH , hypohalite 



oxygen independent 

lysozyme, acid 
acid hydrolases 
cationic proteins 



tumoricidal activity 

cytotoxic action 
toxic factors 
H 2 0 2 , C3a 
proteases 
arginase, NO, TNFa 



TABLE 3-1 . Selected macrophage plasma membrane receptors and ligands 



Receptor 


Ligands 


Functions 


Comments 


FcR (several) 


IgG, IgE 


Opsonic phagocytosis 
ADCC 

Release inflammatory mediators 


Ig superfamily 

FcR can downregulate hypersensitivity 


CR3 


iC3B, ICAM-1, promiscuous 


Opsonic phagocytosis 
Nonopsonic phagocytosis 
Migration (?), adhesion 
Macrophage activation 


(3 2 -integrin may not signal secretion of mediators; 
promotes neutrophil apoptosis; essential for 
granuloma formation 


Macrophage mannose 


Lectin: mannosyl glycoconjugates, cysteine-rich 


Endocytosis, phagocytosis and 


Multiple C-type carbohydrate recognition domains; 


receptor (MR) 


domains, ligands in secondary 


secretion; antigen capture 


downregulated by IFN-y; upregulated 




lymphoid organs 


and transport 


by IL-4, IL-13. 


C1qR 


C1q, collectins (mannose binding protein, 
surfactant protein-D) 


Opsonic (?) 


Ligands lectins with collagenous sequences 


Scavenger receptor 


Selected polyanions, LPS, lipoteichoic acid 


Endocytosis, phagocytosis, adhesion 


Collagenous trimeric molecules (2 isoforms), resembling, but 


(SR-A) 






UloUMUl IIUlll IVIMnV^W, d IIIUIC I coli IGlcU on m, piuicoiò 

host against LPS; upregulated by CSF-1 


CD36 (SR-B) 


Thrombospondin 


Adhesion, phagocytosis 


Apoptotic celi clearance with VnR 


AGE R 


Advanced glycosylation products 


Endocytosis, cytokine release 


Interacts with nonenzymatically glucosylated 








proteins (e.g., diabetes) 


CD14 


LPS-binding protein 


Transduces LPS signaling (?), 


GPI-linked, septic shock, soluble form 






TNF-a release 










VLA 1,2,4,5,6 


Matrix/coagulation components, laminin, fibrogen 


Adhesion/migration 


Several Pi and possibly P3 integrins 


VnR (CD51) 


Vitronectin 




a v p e 


CD31 


Endothelial cells, platelets 


Diapedesis 


Homophilic IgSF 


CD44 


Hyaluronic acid 


Adhesion, migration 


Hematopoietic variant 


L-selectin 


Lectin: sialyl-Lewis x antigen 


Rolling on inflamed endothelium 


Monocytes also express ligand for E- and P-selectins 


Sialoadhesin 


Lectin: Neu Aca2-»3 


Interactions with hematopoietic cells 


IgSF expressed by stromal and granuloma 




Gal (31->3Gal NAc on sialoproteins 


incl.T lymphocytes and PMN 


macrophages; down-regulated by IFN-y, IL-4, IL-13. 




and aanaliosides 






unemokine receptors 








CCR1 


MIP-1a, RANTES, MCP-3 


Recruitment and migration monocytes 


Seven-transmembrane spanners, G-protein-linked 


CCR2a/b 


MCP-1 ,2,3,4 


Same as above 


Same as above 


CCR3 


Eotaxin, MCP-3,4, RANTES 


Same: regulation of haemopoiesis 
and HIV-1 coreceptor 




CCR5 


RANTES, MIP-1a, p 


Same as above 


Same as above 


CXCR4 


SDF-1ot 


Same as above 


Same as above 


CX3CR1 


Fractalkine 


Same: adhesion 


Attached to celi surface by stalk 


Cytokine receptors 


M-CSF 


Growth, differentiation of macrophages 
and osteoclasts, endocytosis 


IgSF, macrophage-restricted FMS 




GM-CSF 


Growth, differentiation of macrophages 
and dendritic cells 


Hematopoietin receptor superfamily (low- and high-affinity 
polypeptides) 




IFN-y 


Activation macrophages MHC class II ag t, 
induction iNOS respiratory burst 


Regulation by Th1 cells; two polypeptides 




IL-4 


Alternate differentiation and activation, 
fusion 


Regulation by T H 2 cells, related to IL-13 receptor, which has 
similar effects 




TNF-a 


Granuloma formation, antimicrobial activity, 
tissue injury 


Two polypeptides (P75, P55) 




IL-10 


Deactivation, antiinflammatory 


Regulation by T H 2 cells and stimulated macrophages 


a2-Macroglobulin 


Clearance proteinases 


Not macrophage specific 


Urokinase 




Localization proteolysis, endocytosis 




Transferrin 


Transferrin 


Endocytosis (Fc 2+ ) 




Peptides 


Substance R VIP, bradykinin, C5a, C3a 


Modulation of inflammatory functions 


Often not well defined on macrophages; several are seven 



transmembrane molecules 



ADCC, antibody-dependent cellular cytotoxicity; IFN, interferon; IL, interleukin; LPS, lipopolysaccharide; CSF, colony-stimulating factor, PMN, polymorphonuclear cells; TNF, tumor necrosis 
factor; MCP, macrophage chemotatic protein; MIP, macrophage inflammatory protein. 



TABLE 3-2. Selected macrophage-derived secretory products 



Product 



Functions 



Comments 



Enzymes 

Lysozyme 

Urokinase 

Collagenase 
Elastase 

Angiotensin-converting enzyme 

Acid hydrolases (many) 

Cytokines 

IL-1(P)1 

TNF-oc J 

IFN-o/p 

IL-6 

IL-10 

IL-12, IL-18 
FGF 
TGF-p 
GM-CSF 

IL-8 

MIP-1o/p 
MCP-1 
RANTES 
MDC 

proteins 

Most components: classic and 

alternative pathway 
Coagulation factors, 

including tissue factor 
Adhesion, matrix molecules: 

fibronectin, thrombospondin, 

proteoglycan 
Transport proteins: transferrin, 

Bi 2 -binding protein, 

apolipoprotein E 
a 2 -Macroglobulin 
Bioactive lipids 
Cyclooxygenase, lipoxygenase, 

products of arachidonate 
Platelet-activating factor 
Reactive oxygen intermediates 
Superoxide anion, hydrogen 

peroxide, singlet oxygen, 

hydroxyl radicals 
Reactive nitrogen intermediates 
Nitric oxide, nitrites, nitrates 



Defensins 

Polypeptides 



Antimicrobial 

Plasminogen activation and fibrinolysis, neutral 

proteinase activation 
Connective tissue catabolism 

Pressor 

Lysosomal digestion 

Multiple locai and systemic host defense functions 
(e.g., endothelium, leukocytes, connective tissue) 
Antiviral, immune modulation 
Acute phase response 

Inhibitor proinflammatory cytokines and APC functions 
Stimulate IFN-y production by NK and helperT cells 
Fibroblast growth 

Inhibitor activation of macrophages and other targets 
Granulocyte, macrophage, and dendritic celi growth 

and differentiation 
Granulocyte chemoattractant 
Chemoattractant, hematopoietic regulator 
Monocyte recruitment 

Recruitment of monocytes and helperT cells 
Chemotactic for DC and NK cells 

Locai opsonization and complement activation 

Locai initiation and regulation clotting 

Localization, migration; modulation of cellular 
interactions and phagocytosis 

Transport iron, vitamin, lipid 



Proteinase inhibitor 

Mediatore of inflammation (e.g., effects 

on leukocytes, small vessels) 
Platelet activation 

Killing and stasis of microorganisms and cells by 
activated macrophages 



Killing of microbial, parasitic, and cellular targets by 
IFN-^activated macrophages 



Antibacterial 



Constitutive in vitro, inducible in vivo; 

myelomonocytic and Paneth cells 
Inducible by macrophage activation 

and phagocytosis, cytokines 
Inducible 

Steroid inducible 

Mainly intracellular 

Endogenous pyrogen, tissue injury, 
weight loss, superinducible 



Also product of T H 2 cells 



Chemokine family (also other C-X-C) 

Chemokine family 

Chemokine family (also other C-C) 



Other sources (e.g., liver) 
Other major sources 
Other major sources 

Other sources 



Macrophage has high-level arachidonate in 
membranes, therefore potent source 



Tissue injury, modulated by radicai scavengers 



iNOS inducible, compared with low levels of NOS; 
constitutive in other tissues. NO not readily 
detectable in human monocyte or macrophage 
culture systems 

Produced only by some macrophages and by 
polymorphonuclear leukocytes and Paneth cells 



APC, antigen-presenting cells; CSF, colony-stimulating factor; DC, dendritic cells; FGF, fibroblast growth factor; GM, 
granulocyte-macrophage; IFN, interferon; IL, interleukin; MCP, membrane cofactor protein; MIP, macrophage inflamma- 
tory protein; NK, naturai killer; NOS, nitric oxide synthase; RANTES, chemokine (regulated on activation, normally T-cell 
expressed and secreted). 



ATTIVAZIONE DEL MACROFAGO 



Figure 2-21 ■ 



Maturation of circulating monocytes into 
activated tissue macrophages. Macrophages 
may be activated by cytokines (in particu- 
lar. interferon-y [IFN-yl from immune-ac- 
tivated T cells or by nonimmunologic stim- 
uli such as endotoxin. The products made 
by activated macrophages that mediate tis- 
sue injury and fibrosis are indicated. AA. 
arachidonic acid: FGF, fìbroblast growth 
factor; PDGF. platelet-derived growth fac- 
tor: TGF/3. transforming growth factor /3 
(see Chapter 3). 
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ATTIVAZIONE DEL MACROFAGO 



1. Meccanismo : 1' attivazione e' dovuta a modificazioni quantitative e qualitative 
della espressione di vari geni e loro prodotti proteici che conferiscono al 
macrofago capacita' funzionali superiori a quelle dei monociti, dei 
macrofagi residenti e dei macrofagi appena maturati dai monociti in sede 
flogistica . 

2. Aspetti morfologici : aumento della dimensione cellulare, del RE e apparato 
di Golgi, dei mitocondri, dei lisosomi primari e secondari; maggiore 
capacita' di "spreading" e aderenza alla plastica 

3. Aspetti metabolici : aumento dell' ATP cellulare, del consumo di ossigeno, 

del rilascio di prostaglandine, della pinocitosi in fase fluida 



FIGURE 9.11 Structural and functional changes in activated 
macrophages. Top: Normal mouse macrophages obtained from 
the peritoneum; after 1 hour of incubation over a glass slide, 
they stili retain their rounded shape, failing to attach and spread. 
Bottom: Activated peritoneal macrophages obtained by injecting 
a suspension of BCG bacteria into the peritoneum of a mouse 
vaccinated with BCG. After incubation for only 15 minutes, the 
macrophages have become attached and spread cut. (Repro- 
duced with permission firom [55].) 



Proprietà' funzionali dei macrofagi attivati : 

a) maggiore attività' battericida per: 

attività' fagocitaria 

espressione recettori per Fc e complemento 

espressione dei componenti della NADPH ossidasi con produzione ROI 
formazione di NO 
corredo e rilascio di enzimi lisosomali 
produzione di citochine 

b) macrofagi attivati amplificano il processo infiammatorio mediante la produzione di: 

1 . mediatori a vita breve (PAF, eicosanoidi, ROI, fattori regolatori della coagulazione 

2. citochine 

c) macrofagi attivati diventano più' efficienti nel presentare 1' antigene (APC) per: 

1. Aumentata espressione di antigeni di istocompatibilita' di classe II (via IFNy, TNF e GM-CSF) 

2. Aumentata espressione di proteine di adesione (ICAM-1, LFA-3) che interagiscono con ligandi 
della superficie dei linfociti T (LFA-1, CD2) 

d) Macrofagi attivati sono in parte responsabili (via produzione di TNFa): 

1 . della necrosi locale 

2. della cachessia che può' accompagnare l' infiammazione cronica 

e) macrofagi attivati cooperano alla fase riparativa connettivale (migrazione, 
attivazione e proliferazione di fibroblasti ed endoteliociti) via produzione di citochine 

f) macrofagi attivati sono in grado di uccidere le cellule tumorali: 
via radicali liberi dell' 0 2 , via NO, via TNFa 





(H ■ 

6 7 B 9 10 11 12 

Figure 3. Kinetics of response to recombinam IFN7. Macrophages on day 6 of culture were 
incubateci in standard medium (solid circles) or 100 U/ml of IFN7 (open circles) for the 
indicated times before assay of HfO* release. Fresh medium of the same type was added on 
day 8 or 9 for cells assayed on days 11 or 12, respectively. The dashed line indicate* resulta 
for cells which were removed from IFNy on day 9. washed four times in standard medium, 
then ine ubateci in the btter for 3 d before assay. The open triangle indicatcs cells which were 
pulsed with 100 U/ml 1FN? for 10 min on day 6, washed four times, and incubated in 
standard medium unti! assay on day 9. Means ± SEM of triplicate*» 
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INNATE AND ADAPTIVE IMMUNITY TO INTRACELLULAR BACTERIA 
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[ Experimental demonstration of theroleof IFN--y in 
host defense against intracellular pathogens. Knockout mice were 
produced by introduci ng a targeted mutation in the gene encoding 
IFN-7. The mice were then infected with 10 7 colony-forming units of 
attenuated Mycobacterium bovis (BCG) and their survival monitored. 
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FIGURE 15-3 Innate and adaptive immunity to intracellular bacteria. The innate immune response to intracellular bacteria consists 
of phagocytes and NK cells, interactions among which are mediateci by cytokines (IL-12 and IFN-y). The typical adaptive immune response to these 
microbes is cell-mediated immunity, in which T cells activate phagocytes to eliminate the microbes. Innate immunity may control bacterial growth, 
but elimination of the bacteria requires adaptive immunity. These principles are based largely on analysis of Ustoria monocytogones infection in mice; 
the numbers of viable bacteria shown on the y-axis are relative values of bacterial colonies that can be grown from the tissues of infected mice. (Data 
from Unanue Efì. Studies in listeriosis show the strong symbiosis between the innate cellula r system and the T-cell response. Immunological Fìeviews 158: 
11-25, 1997.) 
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Figure 15-3 Role of IL-12 and IFN-y in defense against an 
intracellular bacterial infection. 

In this experiment, wild-type (normal control) mice and knock- 
out mice lacking the p40 subunit of IL-12 or IFN-y were infected 
with the intracellular bacterium Mycobacterium tuberculosis by 
aerosol. Lungs were examined at different times after infection for 
the number of bacteria capable of forming colonies in culture. 
Normal mice control bacterial growth, mice lacking IL-12 have a 
reduced ability to control the infection (and die by day 60), and IFN- 
y knockout mice are incapable of limiting bacterial growth (and die 
by day 30 to 35). Asterisks indicate the time of death. (Data cour- 
tesy of Dr. Andrea Cooper, Department of Microbiology, Colorado 
State University, Fort Collins.) 



Table 2.1 Selected extracellular ligands and macrophage activatiua 



Ligand 

Macrophage activation 



Cytokines 

IFNa + 

IFNB + 

I ifny 71 

TNFa + 

IL-1 + 

IL-2 + 

IL-4 + 

IL-6 + 
Colony-stimulating factors 
CSF-1 

GM-CSF + 
Growth factors 

TGFP + 
FGF 

Low MW cytokines 

MCP-1 + 
Other molecules 

LPS + 

mal-BSA + 
PAF 



*See reference numbers 1, 4-6, 15-17; +, positive effect; 
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Figure 1 Macrophage populations and functional subsets. Macrophages can be subcategorized 
into specific populations on the basis of their anatomical location (left) and functional phenotype 
(right). Tissue-resident macrophages include alveolar macrophages (lungs), histiocytes (interstitial 
connective tissue), osteoclasts (bone), microglia (brain), intestinal macrophages, Kupffer cells (liver) 
and so on. Mononuclear phagocyte subpopulations in the circulation can also differentiate into tissue 
macrophages after entering different anatomical sites; when activated by the appropriate stimuli, these 
cells differentiate into various subsets with distinct phenotypic and functional characteristics. 
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Figure 4 | Distinct macrophage subsets regulate inflammation and wound healing. When tissues are damaged, 



TABLE ■^■] 


Modulation of MacrophagG Phenotype 






Category 


Stimulus 


Selected Marker Changes 


Function 


Innate activation 
Classic activation 

Alternative activation 

Innate and acquired 
deactivation 


Microbial products (eg, LPS, 

other TLR ligands) 
Interferon y 

IL-4/IL-13 

Apoptotic cells, IL-10, 

glucocorticoids,TGF# PGE2 


Costimulatory molecule expression, 

MARCO upregulation 
MHC II upregulation, proinflammatory 

cytokine secretion, inducible NO 

synthase 
Upregulation of MHC II, arginase, 

mannose receptor, Ym1 f FIZZ1 

(resistin-like), production 

of selected chemokines, 

macrophagefusion 
Various surface and secretory 

markers, (eg, anti-TNForactions) 


Phagocytosis, adaptive immunity 

Cell-mediated immunity 

(eg, intracellular pathogens) 

Parasitic and allergie immunity, repair 

Anti-inflammatory and altered 
immunity 



IL, interleukin; LPS, lipopolysaccharide; MHC, major histocompatibility complgx; NO, nitric oxidG; PGE2, prostaglandin E2; TGF$ transforming growth factory TLR, toll-like receptor; 
TNFa; tumor necrosis factor-a 





CD4*Tcell 



Figure 3 | Macrophage polarization in physiology and disease. The figure illustrates 
different polarized macrophage populations in specific physiological contexts and 
gives examples of the transcription factors associated with these phenotypes. C/EBPJ3, 
CCAAT/enhancer-binding protein-(3; CREB, cAMP-responsive element-binding protein; 
IFNy, interferon-y; IL-4, interleukin-4; IRF, interferon-regulatory factor; PPARy, 
peroxisome proliferator-activated receptor-y; RUNX1, Runt-related transcription 
factor 1; STAT, signal transducer and activator of transcription; T , T helper. 




Tumore 



■ Figura 32.2 - Reclutamento macrofagico e promozione tumorale. I macrofagi associati al tumore sono attratti all'interno 
della massa tumorale da chemiochine quali MCP-1/CCL2, prodotte dal tumore. Il tumore produce inoltre M-CSF che 
prolunga la loro sopravvivenza. I macrofagi sono potenzialmente in grado di esercitare attività citotossica nei confronti 
delle cellule tumorali e della parete vascolare. D'altro canto essi producono fattori di crescita che stimolano la 
proliferazione tumorale, fattori angiogenici, che promuovono l'angiogenesi ed enzimi proteolitici capaci di degradare 
la matrice extracellulare, favorendo cosi la metastatizzazione del tumore. Di regola all'interno dei tumori le funzioni 
macrofagiche sono sbilanciate in senso protumorale. 



Il microambiente tumorale è in grado di promuovere 
il reclutamento, la maturazione e la 
differenziazione dei leucociti infiltranti e svolge 
un ruolo fondamentale nell' attivazione del 
prgramma trascrizionale espresso dai macrofagi 
associati al tumore (TAM). 

• Produzione di IL- 10, TGFb e PGE2 (cancro 
ovarico) 

• Elevata espressione di galectin-1 (cancro 
ovarico) 



MACROPHAGES (TAM) 



Macrofagi associati al tumore (TAM): 
Scarsa produzione di ROI 
Scarsa produzione di citochine 
proinfiammatorie 

• Alti livelli di espressione di scavenger receptor 
A e di recettore per il mannosio 

Soppressione delle attività antitumorali: IL- 10 
induce nei TAM 1' espressione di un fenotipo 
M2c-like 

Galectin-1 inibisce il pathway classico della L- 
► arginina, con forte riduzione della produzione di 
NO 

Produzione di VEGF e di fattori angiogentici 

• Produzione di molecole che promuoveno la 
crescita tumorale e la distruzione del tessuto 
connettivo 



TABLE 1 : Subpopulations of macrophages in different pathologies. 



Disease 
Canccr 

Invasive macrophages 
Activated macrophages 
Immunosuppressive macrophages 

Aiigiogeiiic macrophages 
Metastasis-associated macrophages 

FoxP3 + macrophages (regulatoiy 
macrophages) 

Other 

Perivascular macrophages 



Markers 



WNT+ EGF+ 

IL-12+ MHC II ffl , TNF-a + , CD80/86 4 " 
Arginase + , MARCO+ IL-10+ CCL-22+ 

VEGER1 + , VEGF+ CXCR4+ Tie2 + , 
EST2+ 

VEGFR1+, CXCR4", CCR2+ Tie2- 

PGE 2 , Aig-2, Urla, CXCL4, CCL7, 
CCL9, CXCL12, CXCL13, PDGE and 
VEGF 



Phagocytosis 



FLOGOSI CRONICA o ISTOGENA 



FLOGOSI ISTOGENA 



FLOGOSI ISTOGENA 
IN SENSO STRETTO 



FLOGOSI ISTOGENA 
CONNETTIVALE O FIBROPL AS TIC A 



Monociti appena reclutati, monociti differenziati fino allo stadio di macrofagi 
Cellule del tessuto: mastociti e macrofagi tissutali fissi o mobili (istiociti) 
linfociti e tutte le cellule che derivano dai linfociti, cellule NK 
vari tipi di granulociti (a seconda del tipo di causa) 



cellule migrate dal sangue, f ibroblasti ed endoteli. 



FLOGOSI 

INTERSTIZIALE 

DIFFUSA 



FLOGOSI 

GRANULOMATOSA 



Flogosi cronica interstiziale diffusa 


Flogosi granulomatosa 






Le cellule dell'infiltrato si dispongono in maniera dif- 
fusa nell'interstizio, talora con tendenza a formare ma- 
nicotti peri vascolari. 

Sono modesti o assenti i segni di 
trasformazione di monociti in macrofagi, mentre vi può 
essere trasformazione dei linfociti in blasti e in plasma- 
cellule. 


Questo tipo rappresenta la forma più caratteristica ma 
anche più complessa delle i. croniche. 

L'elemento carat- 
terizzante e prevalente delTi. granulomatosa è rappre- 
sentato dal granuloma, che è costituito da un ammasso 
organizzato di macrofagi. 


Questo tipo, che viene indicato generalmente 
coi termini infiltrato parvicellulare o infiltrato linfo- 
monocitico, è molto frequente. 


Elementi accessori, nel senso 
\ che si trovano anche nella flogosi cronica interstiziale 
diffusa, sono i linfociti e le cellule da essi derivate (blasti 
e plasmacellule), talora eosinofìli e basofìli. 

► GRANULOMI PURI 





La flogosi interstiziale diffusa si presenta con molte 
varianti a seconda del tipo di cellule che prevale, della 
contemporanea presenza di eosinofìli o di basofìli, della 
intensità di altri fenomeni quali essudazione (assente o 
abbondante, sierosa o fibrinosa), necrosi cellulare, alte- 
razioni regressive del connettivo acellulare (necrosi fi- 
brinoide, modificazioni della sostanza fondamentale, 
alterazioni delle fibre collagene), proliferazione di con- 
nettivo con presenza di abbondante tessuto fibroso. 



Alcuni esempi sono le 
flogosi interstiziali da virus (epatite, poliomielite, mor- 
billo, encefalite da arbovirus, polmonite interstiziale, 
etc), da rickettsie, da micoplasmi, da reazioni di iper- 
sensibilità ritardata (tubercolina e altre), le fasi iniziali 
delle flogosi che si associano a processi degenerativi 
(epatite da alcol o da agenti tossici), la lesione primaria 
della sifilide. 



Attorno a 

questa reazione istogena si trovano fibroblasti e talora 
vasi neoformati (reazione connettivale). 



GRANULOMI MISTI 





Perivascular 
celi infiltrates 



Vessel with activated 
endothelial cells 



Activated lymphocytes 
and macrophages 




FIGURE 18-7 Morphology of a DTH reaction. A, Histopathologic examination of the reaction in skin illustrateci in Figure 18-6 shows 
perivascular mononuclear celi infiltrates in the dermis. B, At higher magnification, the infiltrate is seen to consist of activated lymphocytes and mac- 
rophages surrounding small blood vessels in which the endothelial cells are also activated. (Courtesy of Dr. J. Faix, Department of Pathology, Stanford 
University School of Medicine, Palo Alto, California.) 



Flogosi granulomatosa 



Questo tipo rappresenta la forma più caratteristica ma 
anche più complessa delle i. croniche. L'elemento carat- 
terizzante e prevalente delTi. granulomatosa è rappre- 
sentato dal granuloma, che è costituito da un ammasso 
organizzato di macrofagi. 



» fi \ 



FIGURE 13.23 Tuberculous granuloma ("tubercle") in a case 
of mycobacterial dissemination by the blood stream ("miliary 
tuberculosis). The granuloma consists of epithelioid cells sur- 
rounded by a layer of lymphocytes. (80x) 



Il granuloma 
può essere 
definito come 
una formazione 
caratterizzata 
dall' accumulo 
di fagociti 
mononucleati 
con o senza il 
coinvolgimento 
di tipi cellulari 
diversi. 





Figura 4.20 Un granuloma tubercolare. 

In (a) è mostrata, in maniera schematica, la struttura tipica di un 
tubercolo. Un'area centrale di necrosi caseosa amorfa è circon- 
data da una zona di macrofagi attivati, in cui sono presenti ma- 
crofagi multinucleati (cellule giganti di Langhans). Ci sono strati 
esterni di linfociti e fibroblasti. La fotografia a piccolo ingrandi- 
mento (b) mostra un tubercolo del polmone, in cui sono ricono- 
scibili le caratteristiche illustrate in (a). La microfotografia a 
medio ingrandimento (c) mostra in maggior dettaglio il margine 
del tubercolo. 
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Flogosi granulomatosa 



costituito da un ammasso 
organizzato di macrofagi. Elementi accessori, nel senso 
che si trovano anche nella flogosi cronica interstiziale 
di fi usa, sono i linfociti e le cellule da essi derivate (blasti 
e plasmacellule), talora eosinotìli e basofili. 



Granulomi puri 



Flogosi granulomatosa 



L'elemento carat- 
terizzante e prevalente delTi. granulomatosa è rappre- 
sentato dal granuloma, che è costituito da un ammasso 
organizzato di macrofagi. Elementi accessori, nel senso 
che si trovano anche nella flogosi cronica interstiziale 
diffusa, sono i linfociti e le cellule da essi derivate (blasti 
e plasmacellule), talora eosinofìli e basofili. Attorno a 
questa reazione istogena si trovano fìbroblasti e talora 
vasi neoformati (reazione connettivale). 



Granulomi puri 
Granulomi misti 



CELLULE GIGANTI 
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Multi intricateci 
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A prolonged DTH response can lead to formation of 
a granuloma, a nodule-like mass. Lytic enzymes released from activated 
macrophages in a granuloma can cause extensive tissue damage. 
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Typical tuberculous granuloma showing an area of centrai necrosis, epithelioid cells, multiple 

Langhans-type giant cells, and lymphocytes. 




These are epithelioid cells around the center of a granuloma. They get their name from the fact that they have lots 
of pink cytoplasm similar to squamous epithelial cells. Their nuclei tend to be long and stringy. 



Here are two pulmonary granulomas. Granulomatous inflammation typically consists of epithelioid 
macrophages, giant cells, lymphocytes, plasma cells, and fìbroblasts. There may be some neutrophils 




Giant cells are a "committee" of epithelioid macrophages. Seen here are two Langhans type giant cells in which the 
nuclei are lined up around the periphery of the cell. Additional pink epithelioid macrophages compose most of the 
rest of the granuloma. 



The focal nature of granulomatous inflammation is demonstrated in this microscopie section of lung in which 
there are scattered granulomas in the parenchyma. This is why the chest radiograph with tuberculosis or other 
granulomatous diseases is often described as "reticulonodular". 



Figura 4.23 TBC caseosa in un linfonodo peribronchiale. 

Questa fotografia mostra parte di un linfonodo che è stato virtual- 
mente rimpiazzato da necrosi tubercolare caseosa colorata in ro- 
sa; resta solo un sottile orlo del linfonodo originario. Linfonodi 
come questo possono rompersi nelle vie aeree o nel torrente cir- 
colatorio dando avvio al processo di diffusione della tubercolosi. 




This is a caseating granuloma. Epithelioid cells surround a centrai area of necrosis that appears irregular, 
amorphous, and pink. Grossly, areas of caseation appear cheese-like 




A, Chronic inflammation in the lung, showing ali three characteristic histologic features: (1) collection of 
chronic inflammatory cells (*), (2) destruction of parenchyma (normal alveoli are replaced by spaces lined 

by cuboidal epithelium, arrowheads), and (3) replacement by connective tissue (fibrosis, arrows). B, By 
contrast, in acute inflammation of the lung (acute bronchopneumonia), neutrophils fili the alveolar spaces 

and blood vessels are congested. 



ISTOGENESI DEL GRANULOMA: come mai si forma il granuloma 



Sulla base di quanto si osserva nella patologia spontanea e nei modelli 
sperimentali gli agenti che possono causare una flogosi granulomatosa 
debbono rispondere ad alcune caratteristiche: 

a) innanzitutto debbono essere persistenti, cioè' difficilmente eliminabili e non 
degradabili 



Tab. 18.9 - Principali meccanismi di resistenza ai fagociti professionali attuati da varie specie microbiche. 



Meccanismo di resistenza alla fagocitosi 


Microorganismi che Io attuano 


Inibizione della fusione dei fagosomi con i lisosomi 


Legionella pneumophilia, Nocardia ateroides f 
Mycobacterium tuberculosis, Chlamydia psittaci, 
Leishmania braziliensis, Toxoplasma gondii. 


Inibizione della biosintesi o della attività di enzimi 
lisosomiali 


Histoplasma capsulatum, Aspergillus fumigatus, 
Salmonella typhimurium, Yersinia pestis. 


Inibizione dell' acidificazione del fagosoma 
e del fagolisoma 


Toxoplasma gondii, Mycobacterium tuberculosis, 
Legionella pneumophìla, Nocardia asteroides. 


Fuoriuscita del facrosoma 


l A l L t lit frlL/flL/LyiisgLfLtsò, i\lL t\L l ti> Iti 1 ILrvC ll>S II, 

Tripanosoma cruzL 


Cattura dei metaboliti reattivi deir0 2 


Mycobacterium tuberculosis, Legionella pneumophila 


Ottimale replicazione a pH acido 


Cornelia burnetii. 



ISTOGENESI DEL GRANULOMA: come mai si forma il granuloma ? 



Sulla base di quanto si osserva nella patologia spontanea e nei modelli 
sperimentali gli agenti che possono causare una flogosi granulomatosa 
debbono rispondere ad alcune caratteristiche: 



a) innanzitutto debbono essere persistenti, cioè' difficilmente eliminabili e non 
degradabili 

b) e' preferibile che siano in forma particolata 

c) debbono creare condizioni di prevalente chemiotassi per le cellule 
mononucleate 

d) debbono contenere o produrre o stimolare la produzione di fattori aspecifici o 
immunologia, che inducano T attivazione dei macrofagi. 



RUOLO DELLE CITOCHINE NELLA 
PRODUZIONE DEL GRANULOMA 



Citochine chemiotattiche per monociti: 

MCP-1/CCL2, MIP-la/CCL3, MIP-ip/CCL4, MDC/CCL22, TGF-p 

Citochine chemiotattiche per linfociti: RANTES/CCL5, MIP-la/CCL3, MIP-1|3/CCL4, 
* IP-10/CXCL10, MIG/CXCL9, l-TAC/CXCLll, Lymphotactin/XCLl 

Citochine che regolano la proliferazione di monociti/macrofagi: IL-3, GM-CSF, M- 

CSF (attìvatrici) IFNa, IFNy, TGFfJ (inibitrici) 



Citochine che regolano lo stato funzionale dei monociti/macrofagi: IL-7, GM- 
CSF, M-CSF, IFNy, TNFa (attìvatrici) IL-4, IL-10, 
IL-13, TGFP (inibitrici) 




Mechanisms of macrophage accumulation in tissues. The most important is continued 

recruitment from the microcirculation. 
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FIGURE 2-39 

Accumulation of macrophages in chronic inflammation. 



Flogosi istogena 
in senso stretto 



Flogosi granulomatosa 





Fig. 18.41 - Rappresentazione schematica dei principali mec- 
canismi palogenetici responsabili della formazione e dell'evo- 
luzione dei granulomi da corpo estraneo 




FIGURE 13.27 Top: In an old surgical scar, a foreign body gran- 
uloma presumably contai ning the remains of a suture thread. 
The granuloma consists mainly of giant cells and macrophages. 
Bottoni: Using partially polarized light the foreign object is more 
clearly visible. 



FIGURA 13.22 Due prin- 
cipali tipi di granulomi. I 
numeri indicano la sequen- 
za degli eventi. In alto: gra- 
nuloma da corpo estraneo 
esemplificato dalla risposta 
a una spina. 11 granuloma 
contiene macrofagi, cellule 
giganti derivate da macro- 
fagi e fibroblasti. 1 linfoci- 
ti sono assenti. In basso: 
granuloma immunitario. In 
questo caso, lo stimolo è 
rappresentato da un antige- 
ne che, in un ospite prece- 
dentemente immunizzato 
verso tale antigene, provo- 
ca la formazione di un gra- 
nuloma costituito da ma- 
crofagi, fibroblasti e anche 
linfociti (e qualche volta 
granulociti). Questo tipo di 
granuloma può andare in- 
contro a necrosi nella zona 
centrale. 
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FIGURE 18-8 Granulomatous inflamrnation. A, Lymph node from a patient with tuberculosis containing granulomas with activated mac- 
rophages, rnultinucleate giant cells, and lymphocytes. In some granulomas, there rnay be a centrai area of necrosis. Immunohistochemical studies 
would identify the lymphocytes as T cells. B, Mechanisms of granuloma formation. Cytokines are involved in the generation of T H 1 cells, activation 
of macrophages, and recruitment of leukocytes. Prolonged reactions of this type lead to the formation of granulomas. 
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Bacterium (e.g., Mycobacterium tuberculosis) 
Fungus (e.g., Histoplasma capsulatum) 
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GRANULOMA 



FIGURE 2-43 

Mechanism of granuloma formation. 




Tab. 18.10 - Elenco delle principali condizioni mor- 
bose associate alla formazione di granulomi. 



Da batteri* 
Tubercolosi 
Lebbra 
Salmonellosi 
Brucellosi 
Listeriosi 
Sifilide 
Febbre Q 

Linfogranuloma venereo 
Febbre da graffio di gatto 



Da elminti 

Schistosomiasi 
Trichinosi 
Filariasi 
Cisticercosi 

Da protozoi 

Leishmaniosi cutanea 



Da metalli 
Berillosi 

Granulomi da zirconio 



Da funghi 



Di enologici ignota 
Sarcoidosi 
Malattia di Crohn 
Granulomatosi di 
Wegener 
Cirrosi biliare 
primaria 



Istoplasmosi 

Blastomicosi 

Coccidiomicosi 

Alveolite allergica estrinseca 



* Inclusi micobatteri, spirochete, rickettsie e clamidie 



TABELLA 2-7 Esempi di malattie caratterizzate da infiammazione granulomatosa 


Malattia 


Causa 


Reazione tissutale 


Tubercolosi 


Mycobacterium tuberculosis 


Tubercolo non caseoso (prototipo di granuloma): un focolaio di cellule 
epitelioidi, circondato da fibroblasti, linfociti, istiociti, occasionalmente 
cellule giganti tipo Langhans; tubercolo con necrosi caseosa: 
presenza di detriti granulari amorfi centrali, perdita di ogni dettaglio 
cellulare; presenza di bacilli acido-resistenti 


Lebbra 


Mycobacterium leprae 


Presenza di bacilli acido-resistenti nei macrofagi; granulomi non caseosi 


Sifilide 


Treponema pallidum 


Gomma: Lesione che va da microscopica a visibile a occhio nudo, 






con palizzate di istiociti; infiltrato di plasmacellule; le cellule al centro 
sono necrotiche, non vengono perduti i margini cellulari 


Malattia da graffio di gatto Bacilli Gram- 


Granuloma circolare o stellato contenente detriti granulari centrali 
e neutrofili; cellule giganti poco frequenti 
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Tab. 18.12 - Caratteri distintivi di alcuni granulomi umani. 



Stato morboso 


Definizione 
del granuloma 


Caratteri della lesione granulomatosa 


Linfociti 


Plasmacellule 


Eosinofdi 


C. giganti 


Necrosi 


Tubercolosi 


Tubercolo 


++ 


+ 


+ - 


++ 


++ 


Lebbra 


Leproma 


++ 


+ 


+ - 


++ 




Sifilide 


Gomma luetica 


+ 


++ 


+ 


++ 


++ 


Leishmaniosi cutanea 


Bottone d'Oriente 


++ 


++ 


+ 


+ 


++ 


Artrite reumatoide 


Nodulo reumatoide 


++ 


+ 


+ - 


+ 


++ 


Febbre reumatica 


Corpo di Ashoff 


+ 


++ 


+ - 


+ 


++ 


Sarcoidosi 


Sarcoide 


++ 


+ 


+ - 


+ 




Infez. da miceti 


Micetoma 


++ 


++ 


++ 


+ 


++ 




MECCANISMI RESPONSABILI DEI PROCESSI DEGENERATIVI 
(p.e.s necrosi) NEL FOCOLAIO INFIAMMATORIO 



a) Effetto tossico diretto della causa: (p.es tossine batteriche, calore, sostanza chimiche, etc.) 

-> Responsabile del tipo di necrosi 

b) spargimento di enzimi litici liberati dalle cellule infiammatorie (o attivati nel plasma) 

c) Effetto dei radicali liberi dell' ossigeno 

g 

d) Lo stato immunitario, p.es. azione diretta delle citochine 



(es. TNF, responsabile necrosi TBC) 



e) Ipossia: per alterazione circolatorie, mancata angiogenesi 



f) Condizioni non idonee ad un normale equilibrio vitale: 



- pH (acidosi); ipergsmolarità 

- anomala composizione ionica, 

- alterazioni del connettivo, 

- modificazione scambi nutritivi 

e gassosi (edema) 



EVOLUZIONE DEL GRANULOMA 



Non guarisce: a seconda delle conseguenze si può' arrivare all' exitus (ora pero' terapia) 
via stadio della cachessia 

Guarisce: questo avviene dopo che e' stato eliminato il tessuto granulomatoso e sostituito da 

tessuto connettivo. 
Possibilità' diverse: 

a) necrosi con espulsione del tessuto necrotico (caverna, ulcera); 

b) necrosi con riassorbimento del materiale necrotico e sostituzione con materiale connettivo. 

Quindi, la flogosi istogena lascia sempre delle conseguenze anatomiche (cicatrici) che possono 
essere accompagnate da conseguenze funzionali più' o meno gravi. 



V 



FLOGOSI CRONICA FIBROPLASTICA: FASE CON NETTI VALE 
O RI PARATI VA 




FIG 40.6 Stage* of Granuloma Dovelopmont during Intracellular Infoction. Thìs figure describes a generalized schgme of granuloma development dur- 
ing intracellular infection, using tubare ulosis (TB) as a paradigm. The uppor panel depicts formation of a solid granuloma from bloodborne macrophages 
I M<t>|. T celts, B cells, and dendrrtic cells in responso to infectìon. The center of the solid granuloma is composed of T cells as well as infected and 
uninfected M4> which are f in turn, orchestrated by T-cell cytokines. Such signaling leads to classicalfy actìvated macrophages and alternativoly acti- 
vated macrophages wrttiin granulomas. Eventually, the center of the granuloma shows extensive necrosis of M<t>to produce a necrotic granuloma. The 
necrotic granuloma may spontaneously heal or become sterilized by chemotherapy. Complete inactrvation and scarring then ensues or in the event of 
incomplete clearance of persistent bacteria f reactivation of dìsease may occur later. In the case of TB, the necrotic granuloma may also further develop 
to produce a largo centrai caseous mass that eventually liquefies to givo rìse to a caseous granuloma. Absorption of bronchi by this structure allows 
egression of batteria into the airway mediating transmission. IFNy, interferon gamma; IL interleukin; TNF-a, tumor necrosis factor-alpha. 
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